Researchers have investigated whether attentional capture during visual search is driven by top-down processes, i.e. experimental goals and directives, or by bottom-up processes, i.e. the properties of the items within a search display. Some research has demonstrated that subjects cannot avoid attending to a task-irrelevant salient item, such as a singleton distractor, even when the identity of the target item is known. Research has also shown that repeating the target feature across successive search displays will prime the visual pop out effect for a unique target (priming of pop out). However, other research has shown that subjects can strategically guide their attention and may locate a target based on its uniqueness (a singleton search mode) or based on knowing and searching for the target feature (a feature search mode). When using the feature search mode subjects are attuned to the specific target feature and are therefore less susceptible to singleton distractor interference than when using the singleton search mode. Recent research has compared singleton distractor interference for targets that are variable and uncertain to targets that are constant and certain across search displays. When the target is constant subjects can use a feature search mode and should theoretically demonstrate less singleton distractor interference than when targets are variable and they must use a singleton search mode. Indeed, variable targets have historically demonstrated greater singleton distractor interference than constant targets, even when the target feature has been repeated. However, the current experiments found that singleton distractor interference was no greater for variable targets than for constant targets when targets and nontargets did not share shapes across search displays.
Introduction
For several decades visual search researchers have investigated how subjects locate target items among nontarget items within visual search displays (see Ruz & Lupianez, 2002 for a review). Much of this research has focused on determining whether attentional capture during visual search is driven by bottom-up processes, such as the salience of the items within the search display, or by top-down processes, such as the strategic goals and directives of the experimental participants.
Evidence that bottom-up processes will drive attentional capture
Pashler (1988) demonstrated that bottom-up processes can drive attentional capture. His work was instrumental in demonstrating that unique and salient nontarget items are able to involuntarily capture attention, even when the target item is known. He tested subjects' accuracy to respond to targets while they simultaneously ignored different types of color variations present in nontargets within large multi-item search displays. Pashler found a small benefit to accuracy when subjects knew the identity of the target in advance. He also found that having just two nontarget items in the search display that were variable in color was far more damaging to accuracy than when the whole search display contained nontargets that were variable in color. He referred to these two small, but highly disruptive, distinctive items as ''singletons'' because they were easily singled out within a search display. When singletons were present in the search display subjects were markedly less accurate at identifying the target, even when it was known in advance. Pashler suggested that properties of the items within the search display must largely determine what captures attention. He concluded this because subjects in his experiment were often unable to avoid attending to color singletons that were present in order to accurately respond to the target.
The role of singleton distractors
The use of ''singleton'' items, as defined by Pashler, has continued to be an important investigative technique. Researchers often measure response times to a unique target among homogeneous nontargets and compare these with response times to a unique target when one of the nontargets is also unique. When one of the nontargets is also unique it is referred to as a singleton distractor. This is because it is the only one of its kind in the search display, i.e. a singleton, and because its role is to interfere with, or distract from, subjects attending to the target. When subjects are slower to respond to the target when a singleton distractor is present in a search display, than when it is absent, it is believed that the singleton distractor has interfered with attending to the target. That is, the singleton distractor, rather than the target, has captured attention because of its unique properties. As such, singleton distractor interference is an indication that properties of the items in the search display, i.e. bottom-up processes, have determined what will capture attention.
1.1.2. Further evidence that bottom-up processes will guide attentional capture Theeuwes (1991, Expt. 2) investigated whether experimental participants could strategically guide attention to targets on a known dimension. He investigated whether they could selectively attend to a target on one dimension and ignore task-irrelevant nontargets on another dimension during parallel visual search. Subjects in his experiment responded to the horizontal vs. vertical orientation of a line segment that was embedded in a unique target item. The unique target was a singleton on either the color dimension or the shape dimension. On about 50% of the search displays, one of the nontargets was also a singleton, referred to as the distractor, and was unique on the same dimension or on a different dimension than the target. Theeuwes theorized that if subjects could strategically guide attention to a target on a known dimension then only same-dimension distractors would capture attention and interfere with target processing and different-dimension distractors would not interfere. However, singleton distractor interference of about 150 milliseconds (ms) was observed when either type of singleton distractor was present in the display. Theeuwes concluded that subjects cannot strategically guide attention to a singleton on a target dimension and avoid attentional capture by a singleton on a task-irrelevant dimension.
In a follow up study Theeuwes (1992) investigated whether subjects' could selectively guide attention to a target feature during parallel visual search for a singleton target. He argued that subjects may not have been able to guide attention to the target in his previous study because they knew only the dimension (e.g., color) on which the target differed from the nontargets but they did not know the target feature (e.g., red vs. green). In this second study the target was always a green circle, the nontargets were always green diamonds, and the singleton distractor, which appeared on 50% of search displays, was always a red diamond. Subjects in this second study were therefore fully aware of the exact target feature at all times. However, Theeuwes' results indicated that RTs were about 20 ms higher when the singleton distractor was present in the display relative to when the singleton distractor was absent in the display. Theeuwes (1992) concluded that subjects cannot avoid attentional capture by the singleton distractor, even when the target feature is known, and that attentional capture must therefore be determined by the properties of the display items. Although singleton distractor interference was substantially lower in this second experiment (20 ms vs. 150 ms) it was statistically significant.
Evidence that search strategy can guide attentional capture
Bacon and Egeth (1994) challenged Theeuwes' findings that subjects are unable to strategically guide attention to a known target feature during visual search. Using experimental procedures similar to Theeuwes' (1992) study, Bacon and Egeth presented multiple identical targets, rather than only one target, in some search displays. By their logic this technique would force subjects to search for the target according to its feature, and not according to its ''singleton-ness'' and singleton distractor interference should no longer occur. Their prediction was confirmed and when multiple identical targets could appear in the display singleton distractors no longer produced interference. Bacon and Egeth proposed that subjects may use two different search strategies: (a) a feature search mode where attentional settings are tuned to search for a specific target feature, or (b) a singleton search mode, where attentional settings are tuned simply to detect features in the display that are unique. By their account, capture of attention by salient task-irrelevant features that define a singleton distractor will occur only if subjects are looking for a singleton but not when they are looking for specific features. Bacon and Egeth argued that Theeuwes ' (1992) found just a small amount of singleton distractor interference because in that experiment subjects sometimes used a singleton search mode, rather than a feature search mode, even when the target feature was known. Bacon and Egeth (1994) clearly demonstrated that knowing the target identity in advance could determine subjects' search strategy. However, it is important to note that when the target identity is variable, and unknown, more than one target feature will appear across successive search displays. Therefore, in some displays the target feature will be a repetition of the one that preceded it, but in other displays the target feature will not have been repeated. This is important because whether or not the target feature has been repeated might also affect what will capture attention. Maljkovic and Nakayama (1994) investigated the role of target feature repetitions across search displays, and tested whether subjects would change search strategy based on knowledge of the target's identity.
Target repetition effects: Priming of pop out
Maljkovic and Nakayama (1994) measured responses to singleton targets when the relevant target feature was either constant (known) or variable (unknown). Their experimental participants viewed solid-colored diamonds with either the left or the right side missing and indicated which side was absent for the uniquelycolored target diamond. They found that when the target feature was variable, i.e. its color changed unpredictably from one display to the next, subjects took longer to respond than when the target was constant, and its color never changed across search displays. However, they observed that in the variable target conditions subjects were faster to respond when the target color was repeated for a few successive displays than when it was not repeated. They termed this effect ''priming of pop out'', or PoP, which means that the visual pop out effect for perception of singleton targets can be primed. Maljkovic and Nakayama argued that when the target is constant attending to it during visual search is extremely efficient because the target pop out effect can be consistently primed across search displays. However, when the target is variable the pop out effect can only be primed on some search displays. Attending to variable targets it is therefore less efficient. Maljkovic and Nakayama also found that the benefit gained by repeating the target feature was cumulative across successive displays. By far the largest benefit to response times was gained within one repetition of the target feature. However, subjects' performance continued to improve with each repetition of the target feature. After seven search displays that all repeated the same target color experimental participants performed just as well in variable target conditions as they did in constant target conditions. Maljkovic and Nakayama ultimately concluded that all differences between constant and variable target conditions are actually due to differences in the amount of target repetitions across displays and not due to different search strategies when the target is known or unknown.
2. Recent research: Differences in singleton distractor interference between constant and variable targets Theeuwes (1991) used unknown, variable targets and found singleton distractor interference of 150 ms. However, Theeuwes (1992) used known, constant targets and singleton distractor interference was only 20 ms. Pinto, Olivers, and Theeuwes (2005) point out that this difference in singleton distractor interference between Theeuwes' two studies is difficult to explain from a bottom-up perspective. Namely, if the properties of the items in the search display had guided attentional capture then singleton distractor interference should not have been reduced by such a large extent when the target feature was known. Pinto, Olivers, and Theeuwes (2005) suggest that this apparent relationship between target knowledge and the amount of singleton distractor interference might be better explained by a top-down account of attentional capture which proposes different search modes. That is, subjects may have largely been using a feature search mode in Theeuwes (1992) when the target identity was constant and known but would have used a singleton search mode in Theeuwes (1991) when the target identity was variable and unknown.
According to top-down accounts of attentional capture, subjects will be more susceptible to singleton distractor interference when targets are unknown (uncertain) than when targets are known (certain). Presumably, this is because they would be using different search modes for the two conditions. The best way to test this theory is to determine whether there would be more singleton distractor interference when the subject must use a singleton search mode than when subjects can use a feature search mode. When the target feature is uncertain subjects must use the more vulnerable attentional setting, i.e. a singleton search mode. When the target feature is certain subjects can use the less vulnerable attentional setting, i.e. a feature search mode. Accordingly, singleton distractor interference should be greater when subjects must use the non-specific attentional setting than when they could use the specific attentional setting. If the theory that subjects will use different search modes based on target knowledge is valid, then it must be demonstrated that singleton distractors will interfere to a greater extent when the target is uncertain than when it is certain. This would indicate that subjects' goals are guiding attentional capture because the amount of interference would change to reflect the type of attentional setting, i.e. specific or non-specific, that had been used.
In addition to the possible strategic differences between the two studies, Pinto, Olivers, and Theeuwes (2005) also pointed out that in Theeuwes' (1991) study singleton distractor inference had been reported averaged across repeated and nonrepeated targets. In that particular study the target feature was variable and changed on half of all search displays. In contrast, for Theeuwes' (1992) study singleton distractor interference was reported for only repeated targets because the target feature in that study was constant and never changed. Pinto et al. argued that singleton distractor inference for repeated targets in variable target conditions may be the same amount as singleton distractor inference for repeated targets in constant target conditions. That is, because of PoP, i.e. target repetition effects; there may be no difference in singleton distractor inference between repeated targets that are either constant or variable. However, if singleton distractor interference were greater for variable/repeated targets, than for constant targets, this would indicate a change in subjects' search strategy. Pinto, Olivers, and Theeuwes (2005) further point out that in Theeuwes' (1991) study target and singleton distractor features were interchangeable with one another. That is, in variable target conditions when the singleton shape target appeared as a circle, the nontargets, including the singleton distractor, could appear as diamonds and when the singleton shape target appeared as a diamond the nontargets and singleton distractors could appear as circles. This interchangeability of targets and singleton distractors means that perception of one shape associated with the target (or distractor) could have carried over to affect perception of the same shape that was associated with the distractor (or target) on the following search display. Therefore, in Theeuwes' (1991) study, in addition to priming between targets, i.e. PoP, intertrial priming between targets and singleton distractors may have also occurred. Intertrial priming between targets and singleton distractors could never have occurred in Theeuwes' (1992) study because the target and singleton distractor never exchanged features.
Evidence that target uncertainty will not lead to greater singleton distractor interference
Pinto, Olivers, and Theeuwes (2005, Expt. 1) replicated Theeuwes' (1991 Theeuwes' ( , 1992 experimental procedures by presenting subjects with targets that were variable and uncertain in some conditions but constant and certain in other conditions. Targets were gray singleton shapes (circle or diamond) among gray, homogeneously shaped nontargets. The target and nontarget shapes were interchangeable; when the target was a circle the nontargets were diamonds and when the target was a diamond the nontargets were circles. On 50% of the search displays the color of one of the nontargets was replaced with red or green. The color singleton distractor appeared in separate blocks of distractor-present conditions and distractor-absent conditions. Experimental participants responded to the horizontal vs. vertical orientation of a line segment internal to the uniquely-shaped target. Pinto et al. found singleton distractor inference of 141 ms for variable and uncertain targets and singleton distractor interference 42 ms for constant and certain targets. Their results replicated Theeuwes' (1991 Theeuwes' ( , 1992 results of 150 ms and 20 ms singleton distractor inference, respectively, for the same conditions. Pinto, Olivers, and Theeuwes (2005, Expt. 1) then proceeded to separately measure singleton distractor inference for repeated and nonrepeated variable targets. This is because PoP can occur for variable repeated targets, thereby strengthening the perception of the target feature, but not for variable nonrepeated targets. The critical comparison is thus between singleton distractor inference for constant and for variable repeated targets because the only difference between constant and variable repeated targets is the possibility that the target feature may have changed. This possibility, or uncertainty, could lead to a change in search strategy. Namely, subjects could be using one strategy when targets are constant and certain, i.e. feature search mode, and a different strategy when targets are variable and uncertain, i.e. singleton search mode. Fig. 1 illustrates this comparison. The chart represents hypothetical data given both a bottom-up account, where items' properties determine what captures attention and a top-down account where experimental directives drive capture of attention. On the left, singleton distractor inference is the same for repeated targets that are both variable and constant. This would indicate no difference in search strategy and a benefit from feature repetitions for variable/repeated targets relative to variable/nonrepeated targets. On the right, singleton distractor inference is greater for variable/repeated targets than for constant targets. This would indicate that subjects are using a different search mode for variable targets, than for constant targets, which makes them more susceptible to capture of attention by singleton distractors. In their first experiment, Pinto et al. found that singleton distractor inference for constant targets was slightly lower than for variable/repeated targets (42 ms vs. 69 ms), a difference that was not statistically significant.
Pinto et al. therefore concluded that target uncertainty does not affect the difference in singleton distractor inference between constant and variable targets because singleton distractor inference was statistically greater only for variable/nonrepeated targets (204 ms). Fig. 2 illustrates their results. Pinto, Olivers, and Theeuwes (2005, Expt. 2) conducted a similar experiment but removed the possibility of intertrial priming between targets and singleton distractors across search displays. Arguably, this may have also contributed to the higher singleton distractor inference for Theeuwes (1992) than for Theeuwes (1991) because targets and nontarget features were interchangeable in Theeuwes (1992) , and could have primed each other across displays. Pinto et al. used one set of shapes for the target (circles and diamonds) and a different shape for the nontargets (heptagons) and found singleton distractor inference of 28 ms for constant targets, 13 ms for variable/repeated targets, and 87 ms for variable/nonrepeated targets (see Fig. 2 ). Only the 74 ms difference in singleton distractor inference between the variable/repeated and the variable/nonrepeated targets was significant. Once again Pinto et al. demonstrated that target uncertainty did not affect singleton distractor inference and that repeating the target feature was sufficient to counteract differences between variable and constant target conditions. Furthermore, singleton distractor inference was far lower across all target conditions when the targets and nontargets were not interchangeable in shape.
2.2. Evidence that target uncertainty will lead to greater singleton distractor interference Lamy et al. (2006, Expt. 1) also tested whether differences in target repetition effects could account for differences between target certain and target uncertain conditions. The constant and variable target conditions were procedurally very similar to that of Pinto, Olivers, and Theeuwes (2005, Expt. 1) . Furthermore, the shapes of the targets and the singleton distractors were interchangeable across search displays. However, they found singleton distractor inference of 50 ms for constant targets, 107 ms for variable/repeated targets, and 120 ms for variable/nonrepeated targets. The 57 ms difference in singleton distractor between constant and variable/repeated targets was statistically different (in contrast to Pinto et al.'s null effect) but the 13 ms difference in singleton distractor inference between variable/repeated and variable/nonrepeated targets was not significantly different. Lamy et al. (2006) thus argued that target repetition effects could not account for differences between constant and variable targets. Accordingly, strategic search mode, differences between the conditions would have led to the greater singleton distractor inference for variable/repeated targets relative to constant targets. By their account, when targets are variable and uncertain, subjects switch to a singleton search mode out of necessity. However, when targets are constant and certain, subjects will often use a feature search mode which is less vulnerable to singleton distractor interference. Fig. 2 illustrates their results.
The role of blocked vs. random singleton distractors
Pinto, Olivers, and Theeuwes (2005) and Lamy et al. (2006) both investigated whether target uncertainty would lead to greater singleton distractor interference for variable targets, compared to constant targets or whether such effects could be accounted for by target repetitions across displays. Both studies used highly similar experimental procedures. Why is it Pinto et al. found no difference in singleton distractor inference between constant and variable/repeated targets whereas Lamy et al. found significantly greater singleton distractor inference for variable/repeated targets than for constant targets? Lamy et al. point out a procedural difference between the two studies which most likely explains the contradictory results. Pinto et al. blocked the presentation of search displays for which the singleton distractor was present vs. absent. That is, all singleton distractors were grouped together to appear across a series of experimental displays while not appearing at all across other series of displays. In contrast, Lamy et al. presented the singleton distractors randomly across all experimental search displays.
To investigate this difference further, Lamy and Yashar (2008) tested the possibility that blocking the singleton distractor, rather than presenting it randomly, could result in differences in singleton distractor inference. In their first experiment, they replicated Pinto, Olivers, and Theeuwes (2005, Expt. Fig. 1 . Hypothetical data for a visual search study using both constant and variable targets given bottom-up and top-down accounts of attentional capture in visual search. The bars on the left represent how the data might appear given a bottom-up account; singleton distractor inference would be the same for all repeated targets, i.e. constant and variable/repeated. The bars on the right represent the data given a top-down account; singleton distractor inference is higher for all variable targets whether or not they have been repeated. For both sets of bars the singleton distractor inference is 110 ms greater, on average, for variable targets than for constant targets. singleton distractor inference for variable/repeated targets was the same as for constant targets and less than singleton distractor inference for variable/nonrepeated targets. In a second experiment Lamy and Yashar used the same stimuli and procedures except that the presence or absence of the singleton distractors was determined randomly. This resulted in singleton distractor inference of 50 ms for constant targets, 186 ms for variable/repeated targets, and 123 ms for variable/nonrepeated targets. This replicated Lamy et al.'s results and the singleton distractor inference for variable/repeated targets was now greater than for constant targets, and statistically the same as singleton distractor interference for variable/ nonrepeated targets (see Fig. 2 ). These results provide clear evidence that blocking the presence of the singleton distractor could change apparent singleton distractor interference effects. Most importantly, interference was the same for variable/repeated targets as for constant targets only when singleton distractors were presented in blocks. When the singleton distractor was random variable/repeated targets demonstrated higher singleton distractor interference than constant targets.
Overview of current experiments
The purpose of the present experiments was to further investigate the role of target uncertainty during visual search. Lamy et al. (2006) asserted that target uncertainty would lead to greater singleton distractor inference for variable/repeated targets, relative to constant targets, because of strategic differences between the two conditions. However, the differences in singleton distractor inference between Pinto et al. (Expt. 1) which used interchangeable target and nontarget shapes and Pinto et al. (Expt. 2) which used noninterchangeable target and nontarget shapes strongly suggests that target and nontarget shape interchangeability could moderate singleton distractor inference.
1 Lamy et al. (2006) also argued that reaction time (RT) differences between constant and variable/repeated targets may be attributed to strategic differences between the two conditions. Therefore, the current set of experiments has two goals: (1) to test whether target and nontarget shape interchangeability will moderate differences in singleton distractor inference between constant and variable/repeated targets, when singleton distractors appear randomly, and, (2) to test whether higher RTs for variable/repeated targets than for constant targets and can be attributed to strategic changes within the subject brought about by target uncertainty.
Experiment 1
Experiment 1 replicated the procedures used by Lamy and Yashar (2008) who found greater singleton distractor inference for variable/repeated targets, relative to constant targets, when target and nontarget shapes were interchangeable, and when the singleton distractors appeared randomly across search displays. The target and the color singleton distractor could appear randomly in any of the nine possible locations with the remaining homogeneously-shaped gray nontargets filling the other locations.
Method

Subjects
Twenty undergraduate students from the University at Albany, State University of New York participated as credit for General Psychology. All participants reported normal or corrected-to-normal vision. Data from two participants were not included in the aggregate analysis because they did not meet the minimum requirement of 90% accuracy. Data from a third participant were also excluded because he indicated color blindness. RTs within three standard deviations of the mean per participant per condition for correct trials were analyzed.
Apparatus
The E-Prime software package was used to program and run all experimental conditions which were displayed via PC computers attached to 17-in. monitors and to standard QWERTY keyboards. Subjects were instructed to maintain a viewing distance of 25 00 .
Stimuli
Each display consisted of nine items placed on an imaginary circle of approximately six inches in diameter on the screen. In the center of this circle was a fixation cross that was present throughout all experimental conditions. The fixation cross was white and all search displays appeared against a black background. Six objects served as stimulus items: a gray circle, a gray diamond, a red circle, a red diamond, a green circle and a green diamond. All objects were calibrated for color and luminance with the MS Paint program; red objects were set to the value r-255, g-0, b-0, green objects were set to the value r-0, g-255, b-0, and gray objects were set to r-192, g-192, b-192 . All circles were 0.43 00 in diameter and all diamonds were 0.50 00 in size as measured from opposing vertices. Embedded within each of the nine objects in each display was a white line segment that was 0.21 00 in length and positioned in the center and was randomly oriented either horizontally or vertically. Fig. 3 illustrates a typical series of search displays in constant and variable target conditions.
Procedure
All displays began with appearance of the white fixation cross in the center of the screen for 500 ms which remained on screen for the duration of the task. The search display then appeared with targets and nontargets, and their embedded line segments, simultaneously. Subjects determined whether the line segment within the target shape was oriented horizontally or vertically. Participants placed their hands over the q and p keys on the keyboard and if the target's internal line segment was horizontal they pressed the q key, if it was vertical they pressed the p key. Participants were instructed to respond as quickly and accurately as possible and the display remained on screen until participants indicated their response. After the response was made the display and fixation cross disappeared. The screen was then blank for 750 ms prior to the beginning of the next display. Feedback was only given for incorrect displays by the word ''Incorrect!'' that appeared mid-screen during the intertrial interval. Groups, or blocks, of search displays were defined by the target that would appear and participants received a 6-s instruction informing them of the target identity prior to each search block that read: ''CIRCLE'', ''DIAMOND'', or ''BOTH''. Participants responded to a total of 640 1 To compare the differences in singleton distractor interference between conditions when the target and nontarget shapes were interchangeable and noninterchangeable I conducted several post hoc analyses comparing reaction times when the distractor was present or absent across constant and variable target conditions between Pinto, Olivers, and Theeuwes's (2005) two experiments. This resulted in a number of interesting findings. First, when target and nontarget shapes were interchangeable the DIE averaged across all conditions (105 ms) was over twice as large as when they were noninterchangeable (43 ms). Second, the average 13 ms DIE for variable/repeated targets when target and nontarget shapes were noninterchangeable was less than 20% as large as the 69 ms DIE for variable/repeated targets when target and nontarget shapes were interchangeable. Third, I conducted post hoc analyses that revealed that all DIE were significantly greater than zero, except for the DIE observed for variable/repeated targets when target and nontarget shapes were noninterchangeable (t(19) = 1.22, p 6 .25). Fourth, there was a 42 ms difference between the differences in the DIE for variable/repeated and constant targets when they were interchangeable with the distractors (a 27 ms difference, i.e., 69 ms À 42 ms) or noninterchangeable (a À15 ms difference, i.e., 13 ms À 28 ms). Fifth, only when the target and nontarget shapes were noninterchangeable was there a negative numerical difference in DIE between constant targets and variable/ repeated targets. displays: 160 circle targets and 160 diamond targets in Constant target conditions, and 320 displays that alternated unpredictably between circle and diamond targets in Variable target conditions. These were grouped into mini-blocks of 48-trial constant and 96-trial variable target search displays. The first mini-block to appear displayed a series of constant (circle) targets, followed by a mini-block of constant (diamond) targets, and then a mini-block of variable (both shapes alternated randomly) targets. In this experiment a target repetition was operationally defined as a single repetition of the target feature whether the feature was repeated across two, or more, trials.
2 After the first three mini-blocks the type of target that would be displayed in each mini-block was random thereafter. Singleton distractors were present in 50% of search displays. Participants were informed that uniquely colored items would appear periodically throughout the experiment, but that they were to ignore these and always complete the task on the item that was unique in shape. The search displays which contained a singleton distractor were selected at random.
Design
Constant targets appeared in blocks of search displays for which the target was constant and never changed. Variable targets (repeated and nonrepeated) appeared in blocks of search displays for which the target changed unpredictably from one display to the next. In both types of blocks the singleton distractor was present in the search display for half of all trials and absent from the search display for the other half of all trials.
To compare singleton distractor interference between the two types of repeated targets, i.e. constant and variable/repeated, this experiment used a 2 (Target Condition: Constant vs. Variable/Repeated) Â 2 (Distractor Presence: Absent vs. Present) completely within-subjects design. To compare singleton distractor interference between the two types of variable targets, i.e. variable/repeated and variable/nonrepeated, this experiment employed a 2 (Target Condition: Variable/Repeated vs. Variable/Nonrepeated) Â 2 (Distractor Presence: Absent vs. Present) completely within-subjects design.
Results
Overview
Experiment 1 results' indicated greater singleton distractor interference for variable/repeated targets than for constant targets. Experiment 1 results' also indicated equivalent singleton distractor interference between variable/repeated targets and variable/nonrepeated targets. These findings successfully replicated previous findings by Lamy et al. (2006) and Lamy and Yashar (2008) . Statistical analyses are reported below; accuracy rates generally trended with reaction time data and are reported for all experiments in the Appendix. Fig. 4 illustrates the results.
Singleton distractor interference: Constant targets vs. variable/ repeated targets
A 2 (Target Variability: Constant vs. Variable/Repeated) Â 2 (Distractor Presence: Absent vs. Present) within-subjects repeated-measures ANOVA was conducted to assess the effect of target variability on singleton distractor interference when the target was repeated across successive displays in constant and variable target conditions. There was a main effect of Target Variability 
Constant Targets
Variable Targets Fig. 3 . An example of typical display sequences in Experiment 1 in constant and variable target conditions. Targets could appear in any of the nine display locations as could singleton distractors. The singleton distractors could be red or green in color and also appeared randomly across displays. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
effect of Target Variability indicated that reaction times (RTs) were 342 ± 135 ms faster (the number following the plus/minus sign is the 95% confidence interval) for constant targets (807 ms) than for variable/repeated targets (1149 ms). The main effect of Distractor Presence indicated that RTs were faster for distractor-absent displays (939) than for distractor-present displays (1017). The nearly significant interaction was due to the 99 ± 43 ms singleton distractor interference for variable/repeated targets being 43 ms greater than the 56 ± 25 ms singleton distractor interference for constant targets, with both amounts of singleton distractor interference being significant. , and no interaction (F < 1). The main effect of Target Repetition indicated that RTs were 105 ± 30 ms faster for variable/repeated targets (1149) than for variable/nonrepeated targets (1254). The main effect of Distractor Presence indicated that RTs were 92 ± 24 ms faster for distractor-absent displays (1155) than for distractor-present displays (1247).
Discussion
Singleton distractor inference was greater for variable/repeated targets than it was for constant targets. Presumably, this is because subjects used a singleton search mode when the target was variable but used a feature search mode when the target was constant. Furthermore, singleton distractor interference was the same for both variable/repeated and variable/nonrepeated targets. This suggests that repeating the target feature did not substantially benefit capture of attention by the target, rather than the singleton distractor, nor did it counteract any strategic influences in variable target conditions. Experiment 1 results' replicate the findings of Lamy et al. (2006) and Lamy and Yashar (2008) . This supports a top-down account of attentional capture which holds that target uncertainty will lead to greater singleton distractor interference for variable/repeated targets than for constant targets.
Experiment 2
The results of Experiment 1 suggest that subjects were using different search strategies for variable targets than for constant targets. However, Pinto, Olivers, and Theeuwes (2005) found much lower singleton distractor interference overall when target and nontarget shapes were noninterchangeable than when they could exchange shapes across search displays. This suggests that target and nontarget shape interchangeability could have an effect on singleton distractor interference. It is difficult to draw firm conclusions from Pinto et al.'s findings because they presented singleton distractors grouped together in blocks of trials which may have affected subjects' expectations. Therefore, the purpose of Experiment 2 was to investigate whether target uncertainty would still lead to greater singleton distractor interference for variable/repeated targets, relative to constant targets, when target and nontarget shapes were noninterchangeable and the singleton distractors were presented randomly across displays. This experiment was virtually identical to Experiment 1 except that hexagons served as the nontargets and singleton distractor shapes. Circles and diamonds were again used for the targets. If singleton distractor interference were to be the same for both constant and variable/repeated targets, then one could argue that bottom-up processes were more important than top-down processes in determining what captures attention. However, if singleton distractor interference were still greater for variable/repeated targets, relative to constant targets, when target and nontarget shapes were noninterchangeable then Lamy and colleagues conclusions would again be confirmed and differences in target certainty would appear to have led to a change in subjects' search strategy.
Method
Subjects
Twenty-two undergraduate students from the University at Albany, State University of New York participated for credit for General Psychology. All participants reported normal or corrected-to-normal vision and participated in all experimental conditions. Data from two participants was not included in the aggregate analysis because they did not meet the minimum requirement of 90% accuracy across all experimental conditions. RTs within three standard deviations of the mean per participant per condition for correct trials were analyzed.
Apparatus, stimuli, and procedure
Experimental participants responded to a total of 960 displays: 240 circles and 240 diamonds in constant target conditions, and 480 displays that alternated between the circle and diamond targets in variable target conditions. All other conditions and procedures were identical to Experiment 1 except that the circles and diamonds used for nontargets were replaced with hexagons.
Results
Overview
Experiment 2 differed from Experiment 1 in that target and nontargets, including singleton distractors, did not share shapes. Results indicated the same amount of singleton distractor interference for both constant and variable/repeated targets. Evidently, using noninterchangeable target and nontarget shapes eliminated differences in singleton distractor interference between constant and variable/repeated targets even though variable targets were uncertain. Statistical analyses are reported below and results are illustrated in Fig. 5 
Discussion
Experiment 2 results demonstrated singleton distractor interference to be the same for both constant and variable/repeated targets despite the identity of the variable targets being uncertain. This result refutes the argument that target uncertainty will lead to greater singleton distractor interference. According to top down accounts of attentional capture, variable targets lead to a change in search strategy. This is because subjects would be changing from a feature search mode to a singleton search mode and are more susceptible to capture of attention by the singleton distractor. However, removing target and nontarget shape interchangeability resulted in singleton distractor interference that was the same for constant and variable targets regardless of target certainty. This result demonstrates that subjects will not be more vulnerable to singleton distractor interference when the target identity is uncertain.
Experiment 3
Singleton distractor interference was the same for constant and variable/repeated targets in Experiment 2. However, reaction times were faster for constant than for variable/repeated targets. That is, RTs were 825 ms for constant targets compared to 1027 ms for variable/repeated targets. Lamy et al. (2006) argued that if target repetition effects could in fact account for all differences between target certain and uncertain conditions then RTs for constant and variable/repeated targets would be the same as well. This is an important observation; it is possible that strategic changes brought about by target uncertainty could have led to an increase in RTs for variable/repeated targets relative to constant targets. Experiment 3 therefore tested whether RTs would be the same for constant and variable/repeated targets when subjects could use the same search strategy for both conditions. This was accomplished by making target identity certain both when it was constant and when it was variable. Accordingly, variable targets appeared in a repeating AABBAABB sequence across search displays and thus were not uncertain. Experimental participants were informed that the circle target would appear for two consecutive search displays followed by the diamond target for two consecutive displays and that this alternating sequence would continue throughout the series of search displays. Subjects could therefore strategically use a feature search mode for both constant and variable target conditions. If RTs were to be the same for constant and variable/repeated targets in this experiment then strategic changes could explain differences in RTs between constant and variable/repeated targets, as Lamy et al. suggested. However, faster RTs for constant targets than for variable/repeated targets would suggest that some factor unrelated to target uncertainty is responsible for greater RTs for variable/repeated targets.
Method
Subjects
Nineteen undergraduate students from the University at Albany, State University of New York participated for credit for General Psychology. All participants reported normal or corrected-to-normal vision and participated in all experimental conditions. All participants met the minimum requirement of 90% accuracy to have their data included in the overall analysis. RTs within three standard deviations of the mean per participant per condition for correct trials were analyzed.
Apparatus, stimuli, and procedure
Experimental participants responded to a total of 608 displays. Of these, 152 displays each were circle and diamond targets in constant target conditions, and for 304 displays the target alternated between the circle and the diamond shapes in variable target conditions. All other conditions and procedures were identical to those in Experiment 2 except that subjects were informed that when the target was variable the ''circle would appear on two displays followed by the diamond on the next two displays'' and that this sequence would continue to alternate between the two shapes on every other display.
Results
Overview
In Experiment 3 all targets were certain so there was no need for different strategic attentional settings between constant and variable target conditions. Results showed that singleton distractor interference remained flat across target type. That is, there was no difference in the amount of interference posed by the singleton distractor for constant and variable or for repeated and nonrepeated targets. More importantly, reaction times were not substantially reduced for variable/repeated targets relative to constant targets once the identities of both were certain. Results are reported below and are illustrated by Fig. 6 . and there were no other significant effects (all Fs < 1). In Experiment 2 the overall RT difference between constant targets and variable/repeated targets was 202 (± 52) ms; in Experiment 3 the overall RT difference was 160 (± 43) ms; both were significant. However, the 42 ms difference between the two differences was not significant. According to these results RTs were still faster for constant targets than for variable/repeated targets.
Discussion
Lamy et al. (2006) argued that when reaction times were greater for variable/repeated targets than for constant targets, i.e. in Pinto, Olivers, and Theeuwes (2005) , this could reflect strategic differences between constant and variable target conditions. However, in Experiment 3 the target was always certain eliminating any such need for different strategies. The results indicated that RTs were still lower for constant targets than for variable/repeated targets. This suggests that greater RTs for variable targets had not been due to strategic differences between constant and variable target conditions as Lamy et al. had suggested.
General discussion
Experiment 1 replicated research by Lamy et al. (2006) and Lamy and Yashar (2008) and demonstrated greater singleton distractor interference for variable/repeated targets than for constant targets. In this experiment targets and nontargets exchanged shapes, and singleton distractors appeared randomly, across experimental visual search displays. This would seem to confirm a role for strategic differences between constant and variable target conditions. Specifically, target uncertainty would have invoked a singleton search mode thus leading to greater singleton distractor interference for variable targets overall. However, Experiment 2 demonstrated that target uncertainty would not lead to greater singleton distractor interference for variable/repeated targets, relative to constant targets, when the targets and nontargets did not exchange shapes across search displays. Experiment 3 tested whether RTs would be the same for constant and variable/repeated targets when targets were certain in both constant and variable target conditions. The results demonstrated that RT differences between constant and variable/repeated targets will remain even when the target feature is always certain and subjects can use the same search mode throughout the experiment. The results of these experiments provide evidence that target uncertainty may have no influence on differences in singleton distractor interference, or RTs, between constant and variable/repeated targets.
In summary, the results of these experiments show that target uncertainty does not lead to greater singleton distractor interference for variable/repeated targets relative to constant targets when target and nontarget shapes are noninterchangeable. These results also show that target uncertainty does not lead to greater RTs for variable/repeated targets relative to constant targets, and such differences in RTs are most likely attributed to target variability and not to target uncertainty.
